(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
30 November 2000 (30.11.2000) 




PCT 



(10) International Publication Number 

WO 00/72239 Al 



(51) International Patent Classification 7 : G06K 1 1/12 

(21) International Application Number: PCT/GB00/01550 

(22) International Filing Date: 4 May 2000 (04.05.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
09/315,139 



20 May 1999 (20.05.1999) US 



(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier application: 

US 09/315,139 (CIP) 

Filed on 20 May 1999 (20.05. 1999) 

(71) Applicant (for all designated States except US): ELEC- 
TROTEXTILES COMPANY LIMITED [GB/GB]; 2 
Bloomsbury Street, London WC1B 3ST (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SAND BACH, David, 



Lee [GB/GB]; Hat C, 9 Westbourne Road, London N7 8AR 
(GB). 

(74) Agent: ATKINSON, Ralph; Atkinson Burrington, 27-29 
President Buildings, Firth Way, Sheffield S4 7UR (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, EE, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG. SI, SK, SL, TJ, TM, TR, TT, 
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, EE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

[Continued on next page ] 



(54) Title: DETECTOR CONSTRUCTED FROM FABRIC 




as 



o 



218 



(57) Abstract: A position sensor (101) is arranged to detect the position of a mechanical interaction, such as the application of 
manual pressure. A first fabric layer (201) has electrically conductive fibres machined therein to provide a first conductive outer 
layer allowing conduction in all directions along the layer. A second fabric layer (202) has electrically conductive fibres machined 
therein to provide a second conductive outer layer allowing conduction in all directions along the layer. A central layer (203) is 
disposed between the first outer layer (201) and the second outer layer (202). The central layer (203) includes conductive elements. 
A first insulating separating element (204) is disposed between the first conductive outer layer and the conducting elements. A 
second insulating separating element (205) is disposed between the second conductive outer layer and the conducting elements. The 
conducting elements provide a conductive path between the first conducting outer layer and the second conducting outer layer at the 
position of a mechanical interaction. 
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Detector Constructed From Fabric 

Reference to Related Applications 

The present invention was made by Mr David Lee Sandbach who is 
resident in the United Kingdom. A permit to file a first application outside the 
United Kingdom under Section 23(1) of the Patent Act 1977 was obtained on 
19 May 1999. The present application claims priority from United States 
patent application number 09/315,139. With respect to the United State's 
designation/the present application is filed as a continuation-in-part. 

Field of the Invention 

The present invention relates to a position sensor for detecting the 
position of a mechanical interaction. 

Background of the Invention 

A position sensor for detecting the position of a mechanical interaction 
is disclosed in European Patent publication 0 989 509, equivalent to United 
States patent application 09/298,172, Korean patent application number 99- 
40363, Japanese patent application number 11-272,513 and Australian 
patent application 48770/99, all assigned to the present Assignee. The 
position detector is configured to determine the position of a mechanical 
interaction. In addition, the detector is also configured to measure the extent 
of a mechanical interaction in which said representation of the extent of a 
mechanical interaction is usually made up from components representing the 
force of the mechanical interaction and the area over which the mechanical 
interaction takes effect. 

A problem with the known position sensor disclosed in the aforesaid 
patent applications is that it is possible for incorrect measurements to be 
obtained if the detector is folded in certain orientations. Thus, with the known 
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detector, satisfactory results are obtained if the detector is placed over a flat 
surface, such as a desk or tabie etc. However, if the detector is folded over a 
curvilinear surface, it is possible for erroneous results to be obtained at 
positions where the detector is folded. 

The known detector is fabricated from two conducting layers of fabric 
with a non-conducting layer positioned therebetween. In order to reduce 
occurrences of erroneous results, due to folding, it is known to strengthen 
and thicken the intermediate non-conducting layer. However, when the 
intermediate layer is strengthened in this way, the response of the detector 
changes in that it becomes less sensitive to mechanical interactions. Thus, if 
a mechanical interaction takes the form of a manual operation of a finger 
upon the detector, for example in order for a position to be determined from 
which action can then follow, it becomes difficult for the detector to be 
pressed manually. Similarly, if the intermediate layer is modified so as to 
make mechanical interactions easier to accomplish, there is then a greater 
likelihood that erroneous contact may result. 

Brief Summary of the Invention 

According to an aspect of the present invention, there is provided a 
position sensor for detecting the position of a mechanical interaction, 
including: a first fabric layer having electrically conductive fibres machined 
therein to provide a first conductive outer layer allowing conduction in all 
directions along said first layer, a second fabric layer having electrically 
conductive fibres machined therein to provide a second conductive outer 
layer allowing conduction in all directions along said second layer; a central 
layer disposed between said first outer layer and said second layer, said 
central layer including conducting means; a first insulating separating means 
disposed between said first conductive outer layer and said conducting 
means; and a second insulating separating means disposed between said 
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second conductive outer layer and said conducting means; wherein said 
conducting means provides a conductive path between said first conducting 
outer layer and said second conducting outer layer at a position of a 
mechanical interaction. 

5 

Brief Description of the Several Views of the Drawings 

Figure A illustrates a known position sensor as described in the prior 

art;- 

Figure 1 shows a position sensor embodying the present invention; 
10 Figure 2 details the sensor shown in Figure 1; 

Figure 3 illustrates upper and lower fabric layers of the sensor shown 

in Figure 2; 

Figure 4 shows an alternative embodiment of that shown in Figure 3; 
Figure 5 shows a portion of the sensor shown in Figure 2, in cross 
15 section; 

Figure 6 shows a cross-sectional view of a preferred embodiment; 
Figure 7 shows a cross-sectional view of a first alternative 
embodiment; 

Figure 8 shows a cross-sectional view of a second alternative 

20 embodiment; 

Figure 9 shows a cross-sectional view of a third alternative 

embodiment; 

Figure 10 shows a cross-sectional view of a fourth alternative 
embodiment; 

25 Figure 11 shows a cross-sectional view of a further preferred 

embodiment; 

Figure 12 shows a cross-sectional view of a further alternative 
embodiment 

Figure 13 shows a cross-sectional view of a further alternative 
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embodiment; 

Figure 14 shows a detector for detecting force and area separately; 

Figures 15A, 15B, 15C and 15D illustrate procedures for measuring 
the position of a force applied to the position sensor, 

Figure 16 shows an interface circuit of the type identified in Figure 1; 

Figure 17 illustrates a program executed by the interface circuit shown 
in Figure 16; 

Figure 18 details a portion of the procedure identified in Figure 17; 
Figure 19 details a further procedure identified in Figure 17; and 
Figure 20 details a further procedure identified in Figure 17. 

Best Mode for Carrying Out the Invention 

A position sensor of the type described by the prior art is illustrated 
in the cross-sectional view shown in Figure A. The sensor has conductive 
outer layers of fabric A01 and A02, separated by an insulating layer A03. 
The purpose of the insulating layer is to prevent electrical contact between 
the outer layers A01 and A02, except at positions of mechanical interaction. 
For example, at location A04 a force, indicated by arrow A05, presses the 
sensor against a solid surface A06. The layers are thus pressed into 
intimate contact and due to the open structure of the insulating layer A03, 
the outer layers come into contact with each other. 

By applying electrical potential gradients across outer layer A01 and 
measuring the electrical potential of outer layer A02, the location of the 
mechanical interaction may be determined. In addition, by measuring the 
current flowing to the outer layer A02, an indication of the size of force A05, 
or, alternatively, the area over which it applies a pressure to the sensor, 
may be determined. 

A fold A07 in the sensor exemplifies a problem with this type of 
sensor. The outer layer A01 , on the inside of the fold becomes compressed 
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and pushes out against the insulating layer A03. in addition, due to the 
open structure of the insulating layer, the layer A01 pushes out against the 
outer layer A02, and thereby produces an electrical contact A08 between 
the conducting layers. The electrical contact A08 influences the positional 
voltage measurement and current measurement, and thereby leads to 
incorrect interpretation of the position and area/force of the mechanical 
interaction at location A04. 

A position sensor 101 embodying the present invention is shown in 
Figure 1, fabricated from the fabric layers of material and configured to rest 
on flat and cun/iiinear surfaces. The sensor responds to mechanical 
interactions and in the specific application shown in Figure 1, these 
mechanical interactions take the form of manual pressure being applied by 
users in order to make selections. 

In the example shown in Figure f, the sensor 101 provides a 
substitute for a television, video recorder or satellite television remote 
control. In preference to a solid object providing a series of buttons, the 
detector is substantially fabric and may adopt a shape defined by soft 
furnishing. In the example shown, the detector 101 is shown as a separate 
item but in an alternative configuration, the detector could be included as 
part of soft furnishing, such as sofa 102. 

The sensor 101 includes an interface circuit 103 arranged to respond 
to mechanical interactions and to provide co-ordinate and pressure data 
over an interface line 104 to a processing device 105. In response to 
mechanical interactions effected by a user, positional data is conveyed to 
processing circuit 105 that in turn transmits infra-red data via an infra-red 
transmitter 106 to audio visual equipment, such as television 107. 

An example of a sensor of the type shown in Figure 1 is shown in 'the 
exploded view of Figure 2. The sensor comprises of two woven outer fabric 
layers 201 and 202, separated by a central layer 203. The central layer 203 
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is a layer of knitted fabric which may be made from conductive fibre only. 
Such fibre may, for example, be a carbon coated nylon fibre. However, 
preferably a yam is used in the knit which is a mixture of insulating and 
conductive fibres and such a central layer is described later with respect to 
Figure 9. 

A first insulating mesh layer 204 is located between the upper fabric 
layer 201 and the central layer 203, and a second insulating mesh layer 205 
is located between the lower fabric layer 202 and the central layer 203. The 
insulating mesh layers 204 and 205 are made from polyester fabric of a warp 
knit construction. Fabric of this type is readily available and may be used in 
applications such as mosquito nets. 

Electrically conductive fibres are used when weaving layer 201 and 
202, and so the layers 201 and 202 define two electrically conductive layers. 
Alternatively, the layers 201 and 202 may be constructed from non-woven 
(felted), or knitted fabrics or a composite structure. However, in each 
alternative case, electrically conductive fibres are included in the production 
of the fabric, thus providing electrically conductive layers. 

Two electrical connectors 206 and 207 are located on a rectangular 
insulating stripe 208 that is positioned along one edge of fabric layer 201. 
The insulating stripe is produced by printing insulating ink onto the fabric but 
alternatively may be an insulating adhesive tape. The connectors 206 and 
207 provide a means of connection from the interface circuit 203 to low 
resistance elements 209 and 210 respectively. The low resistance elements 
209 and 21 0 are fabricated from fabric coated with metals such as nickel or 
silver. Material of this type is readily available and is used for shielding 
equipment from electromagnetic interference. The low resistance elements 
are attached to the conductive fabric layer 201 and the insulating stripe 508 
by a conductive adhesive, such as a pressure sensitive acrylic adhesive 
containing metallised particles. Therefore, portions 216 and 217 of the low 
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resistance elements 209 and 210 make electrical contact with the conductive 
fibres of layer 201 aiong two of its opposing edges. The conductive adhesive 
ensures a bond is formed between the low resistance elements 209 and 210 
and the conductive fibres. Due to the bond, the resistance between the 
conductive fibres and the contacting portions 216 and 217 remains 
unaffected by folding or flexing the layer 201 . This is important, as otherwise 
a 'dry joint' would exist connecting 216 and 217 to 201, and a varying 
resistance at the connections would lead to unreliable and, possibly, unstable 
measurements when the sensor is operated. 

Alternatively, the low resistance elements 209 and 210 are formed by 
attaching, e.g. by sewing on, a low resistance fibre to the layer 201 and then 
printing a conductive adhesive or compound onto it and the layer 201. 
Alternatively the low resistance elements may be produced by printing an 
elastomeric material containing conductive particles onto the layer 201 . All of 
' the alternative described methods provide a suitable bond, forming a reliable 
electrical connection or 'wet joint'. 

The lower fabric layer 202 has a similar construction to the 
upper fabric layer 201, having connectors 211 'and 212 located on insulating 
stripe 213. The connectors 211 and 212 providing a means for connecting 
the interface circuit 103 with low resistance elements 214 and 215 
respectively. The two layers 201 and 202 are rectangular and the 
construction of layer 202 is rotated ninety degrees from that of layer 201. 
Thus contacting portions 216 and 217 contact the conductive fibres in layer 
201 along two opposing edges, and the low resistance elements 214 and 
215 have contacting portions 218 and 219 which contact the conductive 
fibres in layer 202 along the alternate opposing edges. 

The upper and lower fabric layers 201 and 202 are shown separately 
in Figure 3. Fabric layers 201 and 202 are plain weaves having conductive 
fibres in both the warp and the weft directions and so are conductive in all 
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directions along the respective layers. In Figure 3, the warp fibres 301 of 
layer 201 are shown approximately horizontal and extend between the two 
contacting portions 216 and 217, while the weft fibres 302 are parallel to the 
contacting portions 216 and 217 and are shown approximately vertical. In 
5 layer 202, the warp fibres 301 are shown approximately vertical and extend 
between the contacting portions 218 and 219, while the weft fibres 302 are 
parallel to the contacting portions 218 and 219 and are shown approximately 
horizontal. 

It is advantageous to the operation of the sensor, when current 

10 measurements are made, if the layers 201 and 202 have anisotropic 
conductivity. In particular it is advantageous if the layers 201 and 202 are 
more conductive in the directions parallel to their respective contacting 
portions. Thus, when the sensor is operated and a voltage gradient is applied 
between a pair of contacting portions, the respective layer is most conductive 

15 in a direction perpendicular to the voltage gradient and less conductive 
parallel to the voltage gradient. To achieve the desired anisotropic 
conductivity, the warp fibres are chosen to be of a higher resistance than the 
weft fibres. For this reason, the warp fibres 301 are 24 decitex carbon coated 
nylon 6 fibres sold by BASF and identified by the designation F901, such 

20 carbon coated fibres are commonly available and are used in electrostatic 
dissipation applications. The weft fibres are 16 decitex monofilament fibres, 
electrochemically coated with nickel and/or silver, sold under the trade mark 
"Xstatic" by Sauquoit Industries Inc., Pennsylvania, USA. Similar metallised 
fibres are commonly available and are normally used in electromagnetic 

25 interference shielding. Thus, a typical resistivity for a weft fibre is SOOohms 
per centimetre, as opposed to approximately 200Kohms per centimetre for 
the warp fibre. In layers 201 and 202 the fabric is woven with the same 
average spacing of 7.3 fibres per millimetre for both the weft and warp. 
Therefore, due to the different resistivity of the warp and weft fibres, the sheet 
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resistivity of the layers in the directions parallel to the contacting portions is 
approximately 400 times less than the sheet resistivity in the perpendicular 
direction. 

In an alternative embodiment the outer fabric layers 201 and 202 are 
replaced by outer fabric layers 401 and 402 respectively as shown in Figure 
4. The construction of layers 401 and 402 is similar to that of layers 201 and 
202, except for the type of fibres used in the weft and warp. Thus, contacting 
portions 403 and 404 are located along opposing edges of layer 401 and 
contact conductive fibres within said layer, while contacting portions 405 and 
406 are located along the alternate opposing edges of the layer 402 and 
make electrical contact with conductive fibres within layer 402. 

Outer layer 401 includes conductive fibres 407 that conduct in the 
direction of the current flowing from contacting portion 403 to contacting 
portion 404. Cross threads 408 conduct in a direction perpendicular to this 
' one, and have the effect of ensuring a linear voltage gradient across the 
sheet, even when the resistance of connections between lateral fibres 407 
with the contacting portion 403 and 404 are variable, as would be expected in 
a manufacturing process. Insulating fibres 409 are used between adjacent 
parallel conductive fibres 407 in the warp direction and between adjacent 
parallel conducting fibres 408 in the weft direction. Anisotropic conductivity is 
achieved, in the present embodiment, by selecting a different ratio of 
conductive fibres 407 and 408 to non-conductive fibres 409 for each of the 
warp and weft directions. Thus, in the direction perpendicular to the 
contacting portions 403 and 404, which is horizontal in the drawing of layer 
401 shown in Figure 4, an insulating fibre alternates with a conducting fibre 
402. There is an equal quantity of both. However, in the perpendicular 
direction, there are two conducting fibres 408 for each parallel insulating fibre 
409. Thus, when the sensor is operated, in the direction perpendicular to 
applied current flow, or the direction perpendicular to the voltage gradient, 
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conductivity is increased. 

Outer fabric layer 402 has a similar structure to layer 401 but is rotated 
through ninety degrees. Therefore the weave includes weft fibres which are 
substantially parallel to contacting portions 405 and 406 and warp fibres 
which are perpendicular to contacting portions 405 and 406. The layer 402 is 
anisotropic in a similar manner to layer 401, since its weave contains two 
conductive fibres 408 for every insulating fibre 409 in the weft, while 
containing an equal number of conducting fibres 407 to insulating fibres 409 
in the warp. 

In the present embodiment, the conductive fibres 407 and 408 in both 
the weft and warp directions may be of equal resistivity since the anistropic 
conductivity of the layers is achieved by selection of the ratios of conductive 
fibres to insulating fibres. Therefore, a similar carbon coated nylon fibre may 
be used in both the weft and the warp directions of the weave. 

A portion of the sensor shown in Figure 2 is shown in the cross- 
sectional view of Figure 5. The spaces between the layers are shown 
exaggerated in this Figure, and the following Figures, in order to provide 
clarity. A force indicated by arrow 501 is pressing the sensor at position 502 
against a solid surface 503. At position 502 the outer fabric layers 201 and 
202 are pressed against the respective mesh layers 204 and 205. Also, due 
to the open structure of the mesh, the outer fabric layers are able to make 
contact with the central layer 203 through the apertures in the mesh and, 
moreover, the conductive fibres in the outer fabric layers make electrical 
contact with the conductive fibres included in the central layer. Thus, the 
conductive fibres in the central layer present a conducting means which 
provide a conductive path between the outer conductive fabric layers 201 
and 202 at the position of the mechanical interaction. 

In an alternative embodiment where the current measurement 
accuracy is not critical, costs savings are made by reducing the proportion of 
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the conductive fibre to insulating fibre used in the outer layers, particularly by 
reducing the conductive fibre content in the direction parallel to the contacting 
portions. 

The knitted central layer 203 has a compressible structure which 
5 becomes more conductive (less resistive) when it is compressed. This is due 
to loops in the conductive fibre coming increasingly into contact with other 
such loops as they are pressed together. As a result of this, the resistance 
between the outer layers at location 502 decreases as the force, indicated by 
arrow 501, increases. In addition, if the pressure applied to the sensor at 
10 location 502 is kept constant but the area over which it is applied is 
increased, then the resistance between the outer layers decreases, due to 
the increasing number of conducting fibres in the central layer coming into 
contact with the outer layers. 

The sensor shown in Figure 5 is folded at location 504 resulting in a 
15 tendency for one of the conducting layers to be brought into contact with the 
central layer. A property of many fabrics is that they may stretch in response 
to tensional forces but they may be compressed less easily in response to 
compressive forces. Consequently, rather than being compressed as such, 
fabrics tend to fold and bunch at positions where compressive force is being 
20 applied. 

Certain constructions of fabric behave in the opposite way, being more 
easily compressed than stretched and in this case electrical contact at 
location 505 is made between the central layer 203 and the outer layer 201. 
In practice it is extremely rare for contact due to such compression and 
25 extension forces to occur simultaneously on both sides of the central layer at 

the location of a fold. 

In the situation shown in Figure 5, a fold has been created at position 
504. In response to this fold, the outer circumferences of the fabric assembly 
will tend to be in tension and will therefore stretch, with the inner 
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circumferences of the fabric assembly being in compression, resulting in 
bunching. This bunching will in turn cause radial force outwards, thereby 
tending to cause its outward circumferences to come into contact with inner 
circumferences of adjoining layers. Compression forces are therefore applied 
5 and hence bunching occurs towards the inside of a fold. 

As shown in Figure 5 conducting layer 202 has been brought into 
contact at location 505 with central layer 203 through insulating layers 205. 
As a result of this folding, electrical contact occurs where these two layers are 
brought into contact. However, a similar contact does not occur between 
I0 central layer 203 and conductive layer 201. Consequently, although 
conduction occurs between conducting layer 202 and central layer 203, there 
is no similar conduction between central layer 203 and conductive layer 201 
such that the presence of the fold does not result in spurious output signals.- 
Thus, the application of force, indicated by arrow 501 , does result in all 
15 of the conductive layers being brought into contact such that current may flow 
between the layers to which voltage has been applied. However, when a 
sharp fold is introduced into the detector, as illustrated at 504, it is only 
possible for conduction to occur between two of the layers. Consequently, 
insulation still exists between the central layer and the other outer layer such 
20 that this is not interpreted as an application of force or similar mechanical 
interaction of interest. 

In theory, it is possible for a fold to result in current being transmitted 
along the central layer 203 to an actual point of mechanical interaction. For 
this reason, it is preferable for the central layer 203 to have relatively low 
25 conductivity along the layer compared with conductivity across its thickness. 
This is further improved if the central layer 203 has a characteristic such that 
its conductivity significantly increases when the material is placed under 
pressure. Thus, a compressed portion at a position of a mechanical 
interaction will tend to have a relatively low resistance. This compares with 
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the uncompressed central layer which will tend to have a much higher 
resistance. This, in combination with the relative length of the central layer 
between the position of a fold and the position of a mechanical interaction, 
will ensure that the degree of current being transmitted in this way is relatively 
small compared to the degree of current being transmitted at an actual 

mechanical interaction. 

A portion of the position sensor of the preferred embodiment is shown 
in the cross-sectional view of Figure 6. The outer fabric conducting layers 201 
and 202 and the central layer 203 are of the same type as those described 
with reference to Figures 2 and 3. However, in this embodiment an array of 
insulating adhesive dots 601 provides the insulating separating means 
between the outer layer 201 and central layer 203, and a similar array of dots 
provides the insulating separating means between the outer layer 202 and 
central layer 203. The insulating adhesive is a polyurethane adhesive 
available from Penn Nyla, of Nottingham, Great Britain, but similar materials, 
of different qualities, are commonly available from a variety of manufacturers. 
Such adhesives are commonly used as continuous layer laminates, for 
waterproofing fabrics. The adhesive is applied by mixing with a solvent and 
printing the liquid solution. The adhesive is then heat cured after the layers 
are assembled. 

The array of adhesive dots provide the same insulating function as the 
previously described mesh layers but also serve to attach the layers to their 
adjacent layer or layers. Thus, no further lamination process is required. 

Alternatively, the adhesive dots may be replaced by stripes of 
adhesive, or a network of lines of adhesive. 

A portion of an alternative position sensor 701 embodying the present 
invention is shown in the cross-sectional view of Figure 7. The sensor has 
two outer layers 702 and 703 separated by a central layer 203 of the type 
previously described with reference to Figure 2. The outer layers 702 and 
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703 are woven using alternating strands of insulating yarn 704 and 
conductive fibre 705 in both the warp and the weft. The non-conducting yarn 

704 is of a larger diameter than that of the conductive fibre 705 and so the 
conductive fibre is recessed below the general surface of the layers 702 and 

5 703. The recessing of the conductive fibre 705 is further enhanced by using a 
single filament fibre of carbon coated nylon 6, while the insulating yam is 
made by twisting together a bundle of fine insulating fibres of polyester, each 
of which is of a thinner diameter than the conductive fibre. The conductive 
fibre is therefore considerably less compressible and flexible than the 

10 insulating yam and so it tends to remain straighter than the insulating yarn in 
the woven fabric. 

The conductive fibre 705 in the warp and the weft of the layer 702 thus 
forms a conductive layer which allows conduction in all directions along the 
layer 702. The conductive layer so formed, is recessed from the conductive 

15 fibre in the central layer by means of the insulating yarn 704. The conductive 
layer becomes exposed at the surfaces of the layer upon application of 
pressure. The insulating yarn therefore provides an insulating separating 
means between the conductive layer within layer 702 and the conducting 
fibre in the central layer. Similarly the conductive fibre 705 within layer 703 

20 also forms a conductive layer which allows conduction in all directions along 
the layer, and the insulating yarn 704 provides an insulating separating 
means between said conductive layer and the conductive fibres within the 
central layer. 

Under the pressure of an applied external force, the conductive fibres 
25 of the outer layers are brought into contact with the conductive fibre of the 
central layer and so the conductive fibre within the central layer provides a 
conductive path between the two outer conducting layers. However, at other 
locations, for example at a fold, the insulating yam performs the function of 
the mesh layers of Figure 5, and prevents a conductive path being formed. 
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In an alternative embodiment the insulating yarn may be replaced with 
a single filament insulating fibre of larger diameter than that of the conducting 
fibre 705. The conducting fibre is then recessed within the layers 702 and 
703 due to its smaller diameter. 

A portion of a further alternative position sensor 801 is shown in the 
cross-sectional view of Figure 8A. The sensor 801 has outer conductive 
fabric layers 201 and 202 of the type described with reference to Figures 2 
and 3. However, the outer layers are separated by a central layer 802 which 
is knitted according to a pattern using a multi-filament insulating yarn and 
separate conducting fibre, with the pattern arranged such that the conducting 
fibre is concentrated into conductive islands 803 surrounded by a fabric 
constructed mainly from insulating yarn. Each conductive island is therefore 
surrounded by a very high resistance fabric portion 804. The operation of the 
sensor is optimised if the fabric 804 is completely non-conductive. However, 
in order that continuous lengths of conductive fibre may be used in the 
knitting production process without cutting the conductive fibre, each island is 
connected to two neighbouring islands by a continuous conducting fibre. For 
example, island 803 is connected to islands 805 and 806 by portions of 
conductive fibre 807 and 808 respectively. The knitted fabric is configured 
such that the connecting portions of conductive fibre, such as 807, are 
recessed within non-conducting fabric. 

The knitted central layer 802 is also configured such that the 
conductive islands are recessed below the general surface of the high 
resistance fabric portion 804. For example, the conducting fibre of conductive 
island 806 defines an upper surface 809 which is below the general upper 
surface 810 of the surrounding high resistance fabric portion 804. The 
recessing of the conductive fibre is achieved by applying greater tension to it 
during the knitting process. 

A view of the upper surface of the central layer 802 is shown in Figure 
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8B. As is shown, each of the conductive islands, such as 803, 805 and 806, 
are surrounded by the substantially non-conductive fabric 804. Thus, 
conductivity in the central layer 802 is minimised in all directions along the 
layer. 

In operation the sensor 801 performs in a similar manner to those 
previously described. At the position of an external , applied force the 
conductive outer layers 201 and 202 are pressed into electrical contact with 
conductive fibres, in a number of the conductive islands. The conductive 
fibres in the central layer, therefore provide a conductive path between the 
outer conductive layers at the position of a mechanical interaction. 

At other locations, such as at folds in the fabric, the insulating yam 
within the high resistance fabric portion 804 prevents both of the outer layers 
from coming into contact simultaneously with the conductive fibre of the 
central layer at a particular location. The insulating yam within the central 
layer thus provides an insulating separating means disposed between each 
of the outer conductive layers and the conducting means within the central 
layer. This forms a fabric considerably more conductive across its thickness 
than along the layer, thus reducing still further any interference, with 
positional data from a mechanical interaction, caused by contact between the 
central layer and one outer layer due to folding at a nearby position. 

A portion of a further alternative position sensor 901 is shown in cross- 
section in Figure 9A. The sensor 901 comprises of outer conducting layer 
201 and 202 of the type described with reference to Figures 2 and 3 
separated by a knitted fabric central layer 902. The centra! layer 902 is 
knitted using a yam constructed by twisting together a conductive fibre and a 
plurality of insulating fibres. The fibres are chosen so that the conductive fibre 
is recessed below the general profile of the surface of the yam. 

A portion of the mixed fibre yarn 903 used to produce the central layer 
902 is shown in Figure 9B. The yam 903 is produced on conventional 
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equipment by twisting together a bundle of mono-filament polyester fibres 
904 with a single filament carbon coated nyion fibre 905. During manufacture 
of the yam 903 the conducting fibre 905 is twisted under more tension than 
the insulating fibres 904 and as a result the conducting fibre is recessed 
below the general profile of the insulating fibres. The recessing process is 
further assisted by selecting a conducting fibre of slightly larger diameter and 
hence greater stiffness than the individual insulating fibres. 

Therefore, by using yam 903 to produce the central layer 902, the 
insulating fibres 904 prevent the conducting fibre 905 from coming into 
contact with the conducting outer layers 201 and 202 except at locations 
where pressure is applied. In addition, the portions of insulating fibres 904 
within the structure of the central layer 902, tend to hold the conductive fibres 
apart. However, when an external force is applied to the sensor, the central 
layer becomes compressed at the location of the applied force and portions 
of conducting fibre come increasingly into contact with each other. As a 
result, the resistance between the outer layers, through the central layer, 
decreases as the applied force increases. 

A portion of a mixed fibre yam 906 which has an alternative 
construction to the yam of Figure 9B is shown in Figure 9C. The yarn 906 is 
manufactured on conventional equipment by twisting together a bundle of 
fine, flexible insulating fibres 907 with a single, less flexible conducting fibre 
908. In this example, yam 906 includes ten 16 decitex mono-filament 
polyester fibres 907 and one 24 decitex mono-filament carbon coated nylon 6 
fibre. Due to the relatively large diameter, and hence the relative rigidity of the 
conductive fibre 908, the insulating fibres become wrapped around the 
conducting fibre. The conductive fibre is, thus, recessed below the general 
profile of the surface of the yam. 

A portion of a further alternative position sensor 1001 is shown in 
cross-section in Figure 10. A central layer 1002 separates the outer layers 
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201 and 202, which are of the type described with respect to Figures 2 and 3. 
The central iayer is a felted (non-woven) fabric comprising of a mixture of 
conductive and insulating fibres. The conductive fibres are manufactured to 
be shorter than the thickness of the central iayer and therefore none of the 
5 conductive fibres extend completely through the central layen Furthermore, 
the ratio of conductive to non-conductive fibres is such that there is no 
conductive path through the thickness of central layer, or along the central 
layer, when it is not compressed. Therefore, at locations where no external 
force is applied to the sensor and the central layer is not compressed, some 
io conductive fibres in the central layer may be in contact with the outer layer 
but no conductive path exists between the outer layers. 

At location 1003, the sensor is compressed by an externally applied 
force indicated by arrow 1004. The force brings the three layers into intimate 
contact and conductive fibres in the central layer make electrical contact with 
15 the outer conductive layers. In addition, the conductive fibres within the 
central iayer come into contact with other such fibres and thus a conductive 
path is formed though the central layer between the two outer layers. 
Furthermore, as the force is increased, the layer is further compressed, the 
conductive fibres make further connections with other such fibres and the 
20 resistance between the outer layers is decreased. 

At location 1005 the sensor is folded and produces a localised region 
of conductivity within the central layer close to its inner surface 1006. 
However, the region of conductivity does not extend through the layer 1002 
and so a conductive path is not formed. 
25 This configuration provides a position sensor for detecting the position 

of an applied mechanical interaction where the mechanical interaction has an 
area and a force. The arrangement includes a first fabric layer 201 having 
conductive fibres machined therein to provide a first conductive outer layer. In 
addition, there is provided a second fabric layer 202 having conductive fibres 
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machined therein to provide a second conductive outer layer. A single inner 
layer 1002 is provided disposed between the first fabric layer and the second 
fabric layer. The inner layer comprises a plurality of conductive fibres or 
particles such that a conductive path is provided through the fibres or 
5 particles when the insulating material is placed in compression. 

A portion of a further alternative position sensor 1101 is shown in 
cross-section in Figure 11. A central layer 1102 separates the outer layers 
201 and 202, which are of the type described with respect to Figures 2 and 3. 
The central layer 1102 consists of conductive filaments interspersed within a 
10 compressible elastomeric compound. In the present embodiment the 
elastomeric compound is a silicone rubber compound. The conductive 
filaments are sufficiently short such that they cannot extend across the 
thickness of the layer and the density of the filaments within the silicone 
compound is such that they generally do not connect with each other. 
15 However, when the layer is compressed the fibres within the central layer 
increasingly come into contact with other such fibres and form a localised 
conductive region. Therefore at position 1103 an applied force indicated by 
arrow 1104 compresses the layers 201, 202 and 1102 and the conductive 
fibres within the central layer 1102 provide a conductive path between the 
20 outer conductive layers. 

The sensitivity of sensors such as sensor 1101 is determined by the 
density of fibres within the silicone compound and the compressibility of the 

silicone compound. 

In an alternative embodiment the short filaments within central layer 
25 1 102 are replaced by conductive particles such as nickel powder. 

A portion of a further alternative position sensor 1201 is shown in 
cross-section in Figure 12. A central layer 1202 separates the outer layers 
201 and 202, which are of the type described with respect to Figures 2 and 3. 
Central layer 1202 is constructed from fabric (but alternatively it may be 
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another deformable material) and has recessed electrically conductive 
elements 1203 continuing through the thickness of the layer 1202, together 
with a raised non-conductive element 1204. Therefore, at locations where 
no external forces are applied, the raised non-conductive element 1204 
provides an insulating separating means between each of the outer layers 
and the conductive elements 1203. Conductive elements 1203 are 
electrically isolated from each other by the non-conductive element 1204 
and thus layer 1202 is not conductive along the layer in any direction. The 
non-conductive element 1204 is formed from fabric having open spaces 
corresponding to conductive elements 1203 with printed conductive 
material such as elastomeric conductive polymer forming the conductive 
elements 1203. The conductive material is chosen in this case to be 
relatively incompressible and it therefore has a resistivity which is relatively 
stable under varying applied pressure. 

At position 1205 the sensor is compressed by an externally applied 
force indicated by arrow 1206. A number of the conductive elements are 
brought into contact with both of the outer layers and so provide a 
conductive path between the outer layers. An increase in the applied force 
produces only a relatively small change in the resistance between the two 
outer layers because of the incompressible nature of the conductive 
elements. However, as the area over which the force acts increases, the 
number of conductive elements that provide a conductive path between the 
outer layers also increases. Therefore, the resistance between the outer 
layers decreases as the area of mechanical interaction increases but it is 
relatively unaffected by changes in force. 

A further alternative embodiment of the present invention is shown in 
cross-section in Figure 13. A sensor 1301 comprises outer layer 201 and 
202 of the type described with reference to Figures 2 and 3, separated by a 
central fabric layer 1302. The conductive outer layers 201 and 202 are 
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attached by arrays of electrically non-conducting adhesive dots 601 and 602 
to the central layer 1302. The adhesive dots 601 and 602 are of the type 
previously described with reference to Figure 6. The central layer is 
manufactured by printing an electrically conductive printable material, such 
5 as a conductive ink, onto insulating fabric 1303 having an open weave 
structure, to produce an array of dots. (Alternatively a knitted fabric, or a non- 
woven fabric may be used in place of the open structured weave.) The ink 
soaks through the thickness of the fabric 1303 to produce an array of 
conductive islands 1304 that provide a conductive path through the thickness 
10 of fabric layer 1302. The pattern and spacing of the dots 601 and 602 is 
chosen to be different from the pattern and spacing of the conductive islands 
1304 and so potential problems with Moire effect interference and 
synchronised overlapping are avoided. Typically, the insulating dots 601 and 
602 have a spacing of three millimetres whereas the conducting islands have 
15 a spacing of 1 .3 millimetres. 

Therefore, the sensor 1301, like the previously described sensors, 
has a structure which allows it to be folded without producing a conductive 
path between the outer conductive layers at the fold, while at the same time 
allowing a suitably small externally applied force to bring the outer layers into 
20 contact with the central layer, which then provides a conductive path between 

the outer two layers. 

A sensor 1401 for detecting force and. area separately is illustrated in 
Figure 14. The sensor 1401 has a multi-layer construction. In effect, two 
sensors are combined. A first, comprising the arrangement shown in Figure 
25 12 using substantially incompressible elements 1203, and a second utilising 
the highly compressible central layer indicated in Figure 11. Thus layers 1402 
and 1406 are constructed in accordance with fabric layer 201, layer 1404 is 
constructed in accordance with fabric layer 202, layer 1403 is similar to layer 
1202 and layer 1405 is similar to layer 1102. When pressure is applied to the 
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sensor, a lower outer plane 1402 makes physical contact with a first inner 
layer 1403. The first inner layer 1403 makes physical contact with a layer 
1404. A substantially compressible layer 1405 forms the next layer, and an 
outer layer 1406 forms the final stage of the construction. Electrical signals 
may be applied to layers 1402, 1404 and 1406, in order to detect the effect of 
mechanical interactions with the partially conductive layers 1403 and 1405. 
Layers 1402, 1404 and 1406 are of a similar construction to layers 201 and 
202, and they are orientated such that the contacting portions on layer 1406 
are parallel to those of layer 1402 and perpendicular to those of layer 1404. 
Using this construction, the characteristics of the two detectors are combined. 
From a first set of measurements, in respect of layers 1402, 1403 and 1404, 
an area of applied pressure may be determined. A second set of 
measurements, in respect of layers 1404, 1405 and 1406, determines a 
value related to the product of force and area. (The two sets of 
measurements are similar to those made for the previously described 
detectors and are described below.) The applied force may then be 
determined by dividing a second reading by a first reading. Readings related 
to force and area are thereby obtained independently, thus also allowing a 
calculation for pressure, being force divided by area, to be made along with x 
and y co-ordinates obtained as described below with respect to Figures 15 A- 
D, 16-20. 

A procedure for measuring the position of a force applied to a position 
sensor of the types' described above and a. second characteristic of that force 
is illustrated by Figures 15A f 15B, 15C and 15D. The outer conductive layers 
of the same type as layers 201 and 202 are represented schematically by 
potentiometers 1501 and 1502 and the resistance of the conductive path 
between the outer layers at the location of the applied force is represented by 
variable resistor 1503. 

A first measurement is shown in Figure 15A. Five volts are applied to 



WO 00/72239 



PCT/GB00/01550 



10 



23 

connector 211, while connector 212 remains disconnected. Connector 207 is 
connected to ground via a resistor 1504 of known value. Thus current flows 
from connector 211 through a first part of layer 202 indicated by a first part 
1505 of potentiometer 1502, through the conductive path indicated by 
variable resistor 1503 having resistance Rv, through a first part of layer 201, 
indicated by a first part 1506 of potentiometer 1501 and through the known 
resistor 1504. The voltage, V1 appearing at connector 207 is measured and 
since this is equal to the voltage drop across resistor 1504, V1 is directly 
proportional to the current flowing from connector 211. 

A second measurement is shown in Figure 15B. Five volts are applied 
to connector 206, while connector 207 is disconnected. Connector 212 is 
connected to ground via a resistor 1507 of known resistance. The voltage V2, 
dropped across resistor 1507 is measured. Voltage V2 is directly proportional 
to the current flowing through a second part of layer 201 indicated by a 
second part 1508 of potentiometer 1501, through the conductive path 
indicated by variable resistor 1503 having resistance Rv, through a second 
part of layer 202 indicated by a second part 1509 of potentiometer 1502 and 

through resistor 1507. 

The sum of the resistance of first part 1506 and second part 1508 of 

20 potentiometer 1501 is approximately equal to the resistance between 
connector 206 and 207 on layer 201 , and is therefore substantially constant 
during the measurements, since they occur in rapid succession. Similarly 
the sum of the resistance of first part 1505 and second part 1509 of 
potentiometer 1502 is approximately equal to the resistance between 

25 connector 211 and 212 on layer 202, and is also substantially constant 
during the measurements. As a result, the relationship 1510 exists between 
the resistance Rv, of the conductive path between the outer layers, and the 
measured voltages V1 and V2. i.e. the resistance Rv between the outer 
layers is proportional to the sum of the reciprocal of voltage V1 and the 
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reciprocal of voltage V2. 

Depending upon the type of sensor used the resistance Rv depends 
upon area of the applied pressure or a function of the area and the force as 
illustrated by relationship 1511. Thus from the voltage measurements V1 
and V2 an indication of the area over which the force is applied, or an 
indication of the area and the applied force may be determined. 

A third measurement is shown in Figure 15C. Five volts is applied to 
connector 212 while connector 211 is grounded, and so a potential gradient 
is produced across layer 202. A voltage measurement is made at connector 
207 using a high impedance device and so the voltage appearing on layer 
202 at the position of the applied force is determined. This voltage, V3 is 
directly proportional to the distance of the centre of the applied force from 
contacting portion 218 and indicates its x axis position. 

A fourth measurement is shown in Figure 15D. Five volts are applied 
to connector 207 and connector 206 is grounded. A voltage measurement is 
made of voltage V4 appearing at connector 212. Voltage V4 is directly 
proportional to the distance of the centre of the applied force from contacting 
portion 216 and indicates its Y axis position. Therefore voltage V3 and V4 
provide information as to the two dimensional position of the applied force on 
the sensor, i.e. voltages V3 and V4 represent X and Y values for the centre 
of the position of the applied force. 

The interface circuit 103 of Figure 1 is shown in the circuit diagram in 
Figure 16. The interface circuit supplies the necessary voltages to connectors 
206, 207, 211 and 212, and measures voltages V1,V2,V3 and V4 as detailed 
above with respect to Figure 15. The interface circuit also provides output 
values at serial communication output 1601, comprising values 
corresponding to the XY (two dimensional) position of the mechanical 
interaction on the sensor and a Z value depending upon area of the 
mechanical interaction, or area and force of the mechanical interaction. 
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When designing an interface circuit, resistors 1504 and 1507 are 
chosen according to the resistance of the sensor as measured from one 
connector on layer 201, to another connector on layer 202, while a typical 
target pressure is applied to the sensor. A value of 10Kohms is typical for 
resistors 1 504 and 1 507. 

The measurement process is controlled by a program running in a 
peripheral interface controller (PIC) 1602, of the type PIC16C711. As well as 
being capable of supplying the required output voltages at pins 1,2, 10, 11, 
12 and 13, the PIC 1602 includes" an analogue to digital converter which it 
uses to process analogue voltages received at input pins 17 and 18. The 
input pins 17 and 18 receive outputs from high impedance buffers 1603 and 
1604 respectively. The buffers 1603 and 1604 are half of unity gain 
operational amplifiers of the type TL062, and provide a high impedance 
buffer between the sensor output voltages and the PIC 1602 input ports. 

The PIC 1602 has an external crystal oscillator (not shown) running at 
4 MHz connected across pins 15 and 16. Positive five volts is supplied to pin 
14 and ground is connected to pin 5. Pin 4 (the internal reset input) is held at 
positive five volts via a series resistor of lOOohms. 

The program running within the peripheral interface circuit of Figure 16 
is outlined in the flow chart of Figure 17. At step 1701 the hardware is 
initialised and this process is detailed later with reference to Figure 18. At 
step 1702 the circuit 103 measures values of voltages V1 and V2 and 
calculates a Z value of the interaction. The details of step 1702 are described 
later with reference to Figure 19. At step 1703 a question is asked as to 
whether the Z data is greater than a predetermined value. If the answer to 
this question is no then the program returns to step 1702. Thus the circuit 
measures Z values until a Z value greater than a predetermined value is 
detected. If the answer to the question at step 1703 is yes then the circuit 
measures voltages V1.V2.V3 and V4 and calculates a Z value at step 1704. 
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Step 1704 is described later in more detail with reference to Figure 20. At 
step 1705 a question is asked as to whether the calculated Z value is still 
above the predetermined value. If the question is answered in the affirmative, 
a further question is asked at step 1706 as to whether enough samples have 
been obtained. Typically, between 3 and 10 sets of samples are taken, with 
lower numbers of sets of samples being taken when a fast response time is 
required. If the answer to the question at step 1706 is no, then the program 
returns to step 1704 and a further set of measurements are made. When the 
answer to the question at step 1706 is yes, or when the answer to the 
question at step 1705 is no, then the program calculates average values of 
the samples of the voltages V3 and V4, and of the values of Z which have 
been collected. Thus, the program measures a predetermined number of 
voltages before finding the average values, or if the Z value drops below, a 
predetermined value, the average values are calculated immediately. By 
using the average of a number of samples the effect of mains power 
electromagnetic interference or other such environmental noise may be 
minimised. 

A simple calculation to find an 'average' value for say the X value, is to 
find the mean average of the maximum and minimum values of the stored 
values V3. i.e. a 'smoothed ' value for X is found by adding the maximum 
stored value of V3 to the minimum stored value of V3 and dividing the result 
by two. 

To further improve accuracy, values of X, Y, and Z that differ by a 
large amount from their immediately preceding and immediately subsequent 
values are excluded from the calculations of the average. In addition, known 
methods of eliminating mains electricity supply interference may be applied to 
the signals received from the sensor. 

At step 1708 the averaged values for V3 and V4 representing XY 
positional co-ordinates and the averaged values of the Z data are output at 
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the serial communication output 1601. The program then returns to step 
1702 and looks for an indication of further mechanical interaction. 

Step 1701 of Figure 77 is shown in further detail in Figure 18. Within 
the initialisation step 1701, at step 1801 the interrupts are cleared and then 
at step 1802 pins 17 and 18 are set up as analogue to digital converter 
inputs. The micro ports of a PIC16C711 may be configured as low 
impedance outputs or high impedance inputs. When in high impedance 
input mode, pins 17 and 18 can be programmed to connect via an internal 
multiplexer, to the analogue to digital converter. At step 1803 the ports 
which are to be used as inputs or outputs are configured in their initial state. 
At step 1804 all system variables are cleared and all interrupts are 
disabled. 

Step 1702 of Figure 17 is shown in further detail in Figure 19. Within 
step 1702, at step 1901, the ports corresponding to pins 2 and 10 are 
reconfigured as output ports and at step 1902 pin 2 is set to zero while pin 
10 is set to positive five volts. Thus connector 207 is grounded via resistor 
1504 and five volts are applied to connector 21 1 . At step 1903 a time delay, 
(typically of 250 microseconds in a sensor measuring 100 millimetres by 
100 millimetres with an outer layer resistance of 3.5Kohms) is provided to 
allow voltages to settle before the voltage at pin 17 is measured and stored. 
Thus voltage V1 present at connector 207 is measured and stored. 

At step 1905 pins 2 and 10 are reconfigured as high impedance 
inputs while pins 1 and 12 are reconfigured as low impedance outputs. At 
step 1906 the voltages the voltages on pins 1 and 12 are set to zero and 
positive five volts respectively. Thus connector 212 is grounded via resistor 
1507 while five volts are supplied to connector 206. A suitable time delay, 
equivalent to that at step 1903, is provided at step 1907 before the voltage 
at pin 18 is measured and stored at step 1908. Thus the voltage present on 
connector 212 is measured and stored as voltage V2. At step 1909 a Z 
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value is calculated from stored voltages V1 and V2, and then stored. The 
pins i and 12 are reconfigured back to their initial state of high impedance 
inputs at step 1910. 

Step 1704 of Figure 77 is shown in further detail in Figure 20. Within 
step 1704, at step 2001 a Z value is collected in the same manner as at 
step 1702. At step 2002 pins 1 and 2 are reconfigured as high impedance 
inputs and pins 10 and 11 as low impedance outputs. At step 2003 pin 10 is 
set to zero volts and pin 1 1 is set to positive five volts. Thus five volts are 
supplied to connector 212 while connector 211 is grounded. A delay is then 
provided at step 2004, (of typically 1 millisecond for a device measuring 
100mm by 100mm) to allow voltages in the sensor to settle before the 
voltage on pin 17 is measured at step 2005. Therefore a voltage V3 present 
on connector 207 is measured which provides an indication of the X 
position of the applied force. 

Pins 10 and 11 are then reconfigured as high impedance inputs and 
pins 12 and 13 are reconfigured as low impedance outputs at step 2006. 
The voltage on pin 12 is then set to zero while the voltage on pin 13 is set 
to five volts at step 2007. Thus five volts are supplied to connector 207 
while connector 206 is grounded. A time delay is provided at step 2008, 
similar to that at step 2004, before the voltage appearing at pin 18 is 
measured at step 2009. Thus a voltage V4 present on connector 212 is 
measured which provides an indication of . the Y position of the applied 
force. Pins 12 and 13 are then reconfigured back to their initial state of high 
impedance inputs. 

Therefore by the method described with reference to Figures 17 to 
20 the interface circuit is able to make voltage measurements V3 and V4 
which provide an indication of the position of the force applied to a fabric 
sensor, and measure voltages V1 and V2 which are proportional to currents 
passing through the sensor and provide information as to a second 
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characteristic of the applied force. The second characteristic may be area 
over which the force is applied or a combination of the size of the force and 
said area. Furthermore, the circuit combines the voltages V1 and V2 to 
determine a Z value representative of the second characteristic. 

The circuit 103 provides output data representative of X and Y 
position of the applied force and the Z value. However, in an alternative 
embodiment the interface circuit provides output data corresponding to the 
measured voltages V1 f V2, V3 and V4. 
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Claims 

1. A position sensor for detecting the position of a mechanical 
interaction, including: 

5 a first fabric layer having electrically conductive fibres machined 

therein to provide a first conductive outer layer allowing conduction in all 
directions along the layer; 

a second fabric layer having electrically conductive fibres machined, 
therein to provide a second conductive outer layer allowing conduction in all 
10 directions along the layer, 

a central layer disposed between said first outer layer and said second 
layer, said central layer including conducting means; 

a first insulating separating means disposed between said first 
conductive outer layer and said conducting means; and 
15 a second insulating separating means disposed between said second 

conductive outer layer and said conducting means; 

wherein said conducting means provides a conductive path between 
said first conducting outer layer and said second conducting outer layer at the 
position of a mechanical interaction. 

20 

2. A position sensor according to claim 1, wherein said first 
insulating means comprises of a first separate insulating layer and said 
second insulating means comprises of a second separate insulating layer. 

25 3. a position sensor according to claim 1, wherein said first 

insulating means has insulating fibres included in the first fabric layer and 
said second insulating means has insulating fibres included in the second 
fabric layer. 
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4. A position sensor according to claim 3, wherein said insulating 
fibres form yarns of a greater average diameter than said conductive fibres. 

5. A position sensor according to claim 1, wherein said first and 
second insulating means have insulating fibres included in the central layer 
and said conducting means comprises of conductive fibres. 

6. A position sensor according to claim 5, wherein said insulating 
fibres are of greater average diameter than said conductive fibres of said 
conducting means. 

7. A position sensor according to claim 1, wherein said first and 
second insulating means have insulating fibres included in the central layer 
and said conducting means comprises a plurality of conducting elements. 

8. A position sensor according to claim 1, wherein said central 
layer has a different compressibility to said outer fabric layers. 

9. A position sensor according to claim 1, wherein the 
conductivity of said outer layers is anisotropic. 

10. A position sensor according to claim 9, wherein said outer 
fabric layers include insulating fibres and said anisotropic conductivity is 
defined by ratios of conductive fibres to insulating fibres. 

11. A position sensor according to claim 1, wherein the electrical 
resistance between said conductive outer layers is indicative of the 
pressure applied to the position sensor at a mechanical interaction. 
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12. A position sensor according to claim 1, wherein the electrical 
resistance between said conductive outer layers is indicative of the size of 
an area of the position sensor affected by a mechanical interaction. 

5 13. A position sensor according to claim 1, wherein said position 

sensor has electrical connections to the first and second conductive outer 
layers only. 

14. A method of detecting the position of a mechanical 

10 interaction, wherein 

a position sensor has a first fabric layer with electrically conductive 
fibres machined therein to provide a first conductive outer layer allowing 
conduction in all directions along the layer; 

a second fabric layer has electrically conductive fibres machined 
15 therein to provide a second conductive outer layer allowing conduction in all 
directions along the layer, 

a central layer is disposed between said first outer layer and said 
second outer layer and includes conducting means; 

a first insulating separating means is disposed between the first 
20 conductive outer layer and the second conducting means; and 

a second insulating separating means is disposed between said 
second conductive outer layer and said conducting means; 

wherein the conducting means provides a conductive path between 
said first conducting outer layer and said second conducting outer layer at 
25 the position of the mechanical interaction. 

15. A method according to claim 14, wherein the conductivity of 
said outer layers is anisotropic. 
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16. A method according to claim 14, wherein insulating regions of 
adhesive with aaps therebetween hold said assembly together and provide 
said insulating means. 

17. A method according to claim 14, wherein said outer layers 
have insulating yarns with a diameter larger than conducting fibres such 
that the functionality of said insulating layer is provided by the insulating 
yams of said outer conducting layers. 

18. A method according to claim 14, wherein conducting fibres of 
said central layer are grouped into conducting islands separated by regions 
of substantially higher resistivity. 

19. A method according to claim 14, wherein insulating 
functionality is provided by said central layer for which the yam of said 
central layer has a conducting fibre and insulating fibres, and said 
conducting fibre is recessed below the profile of the insulating fibres.. 

20. A method according to claim 14, wherein said insulating 
means is provided by said central layer comprising insulating fibres 
wrapped around a conducting fibre of a relatively larger diameter such that 
the extremities of resulting yam provide the insulating separating means. 

21. A method according to claim 14, wherein the functionality of 
said insulating separating means is provided by the central layer having 
both conducting and non-conducting elements such that, in its normal 
configuration, said conducting elements are separated such that conduction 
between said outer layer is not possible and wherein said conduction is 
made possible on the application of compressive force. 
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22. A method according to claim 14, wherein a central layer is 
configured from an elastomeric material and conducting fibres are 
embedded therein, wherein said elstomeric material provides the insulating 

5 functionality of the insulating separating means. 

23. A method according to claim 14, wherein a substantially 
incompressible conductive material is placed between insulating material of 
said central layer, thereby fabricating a detector particularly sensitive to 

10 area of interaction. 

24. A method according to claim 14, wherein a central conductive 
layer has a substantially open weave into which conductive adhesive or ink 
is applied thereto. 

15 

25. A method according to claim 14, in which a detector 
substantially sensitive to area is placed beside a detector substantially 
sensitive to area and force, wherein a conductive layer provides a shared 
layer between said two detectors. 

20 

26. A position sensor for detecting the position of an applied 
mechanical interaction, said mechanical interaction having an area and a 
force, comprising 

a first fabric layer (201 ) having conductive fibres machined therein to 
25 provide a first conductive outer layer, 

a second fabric layer (202) having conductive fibres machined therein 
to provide a second conductive outer layer; and 

a compressible inner layer (1002) disposed between said first fabric 
layer and said second fabric layer comprising a plurality of conductive fibres 
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or particles such that a conductive path is provided through said fibres or 
□articles when said insulating maieriai is placed in compression. 



27. A sensor according to claim 26, wherein said inner layer is a 
5 non-woven fabric having insulating fibres and short conductive fibres, 

wherein the length of said conductive fibres is less than the thickness of the 
inner layer. 

28. A sensor according to claim 26, wherein said conductive fibres 
10 or particles are held within a substantially continuous insulating material such 

as a silicone rubber compound. 

29. A sensor according to any of claims 26 to 28, wherein the 
conductivity of at least one of said fabric layers is anisotropic. 

30. A sensor according to claim 29, wherein said anisotropic fabric 
layer is manufactured by using different material types for warps and wefts of 
said fabric layer. 

20 31 . A sensor according to claim 29, manufactured from a warp and 

weft of similar fibres wherein the ratio of conductive to non-conductive fibres 
in said weft is different to the ratio of conductive to non-conductive fibres in 
said warp. 
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Figure A 
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Figure 2 
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Figure 3 



SUBSTITUTE SHEET (RULE 26) 



WO 00/72239 



PCT/GB00/01S50 



5/21 



403 




406 



Figure 4 
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Figure 8B 
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Figure 9 A 
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Figure 9B 



906 




907 

Figure 9C 
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Figure 14 
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Initialise hardware 



1701 
1702 



Collect Z samples 



No 



Is sampled z data greater than the pre-set lowest 
acceptable value? 



I 



Yes 



1704 



Collect X,Y and Z samples 



No 



Is sampled z data still above the acceptable threshold? 



Yes 



1703 



1705 



1706 



Have enough samples been obtained for averaging? 



No 



Yes 



1707 



Calculate averages for X, Y and Z values 



1708 



Send 'smoothed' X,Y and Z data as serial communication 



Figure 17 
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1701 



1801 



Clear ail interrupts 



1802 



Set up pins 17 and 18 as Analogue to Digital Converter inputs 



1803 



Configure the inputs and outputs as follows: 



Pin No. 


Configuration 


18 


High impedance input - internally 
connected to A to D converter 


17 


High impedance input - internally 
connected to A to D converter 


1 


High impedance input 


2 


High impedance input 


10 


High impedance input 


11 


High impedance input 


12 


High impedance input 


13 | High impedance input 


7 | Low impedance output 



1804 



Clear all system variables and disable all interrupts 



Figure 18 
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Configure the inputs and outputs as follows: 



Pin No. I Configuration 



Low impedance output 



To I Low impedance output 



y 1901 



Set voltages for outputs as follows: 



Pin No. 



10 



Condition 



Clear to 0 volts 



Set to +5 volts 



1902 



Delay to allow voltages in the fabric sensor to settle 



1903 
^ 1904 



Perform Analogue to Digital Conversion measuring the voltage at pin 17 
and store the result as temporary variable Vi 



Confiaure the inputs and outputs as follows: 


Pin No. 


Configuration 


2 


High impedance input 


10 


High impedance input 


1 


Low impedance output 


12 


Low impedance output 




s^t voltages for outputs as follows: 


Pin No. 


| Condition 


1 


Clear to 0 volts 


12 


j Set to +5 volts 


! | 

X 1 



1905 



1906 



* — — I / 190: 

Delay to allow voltages in the fabric sensor to settle ^y 



1907 
908 



Perform Analogue to Digital Conversion measuring the voltage at pin 18 
and store the result as temporary variable V 2 



Perform calculation for corrected Z value = 1/((1/ V,) + (W 2 )) 




1909 



rnnfiniir a input* anri outputs as follows: 


Pin No. 


Configuration 


1 


High impedance input 


12 


High impedance input 



1910 



Figure 19 
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Collect Z samples as in Fig. 3 



Configure the inputs and outputs as foiiows: 




Pin No. 


Configuration 






1 


High impedance input 






2 


High impedance input 






10 


Low impedance output 






11 


Low impedance output 




_ V 


Set voltages for outputs as follows: 




Pin No. 


Condition 






10 


Clear to 0 volts 






11 


Set to +5 volts 








* 



2001 



2002 



2003 



2004 



Delay to allow voltages in the fabric sensor to settle 

i — 



2005 



Perform Analogue to Digital Conversion measuring the voltage at pin 1 7 
and store the result as X position variable 



Configure the inputs and outputs as follows: 




Pin No. 


Configuration 






10 


High impedance input 






11 


High impedance input 






12 


Low impedance output 






13 


Low impedance output 




T 


Set voltages for outputs as follows: 




Pin No. 


Condition 






12 


Clear to 0 volts 






13 


Set to +5 volts 




. ___ — ir 



2006 



2007 



Delay to allow voltages in the fabric sensor to settle 



2008 
' 2009 



Perform Analogue to Digital Conversion measuring the voltage at pin 18 
and store the result as Y position variable 



Configure the inputs and outputs as follows 



Pin No. 


Configuration 


12 


High impedance input 


13 


High impedance input 



I — 

Figure 20 
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